Honey is a natural sweetener produced by honey bees from the secretions of plants. Honey is well-known for its nutritional and medicinal values since prehistoric times. In the present study, 40 honey samples were collected from supermarkets in China. These samples were produced in China and also imported from other countries. These samples were explored for the detection of 16 phenolic acids and 14 flavonoids by employing high-performance liquid chromatography (HPLC). Among the phenolic compounds explored, gallic acid (phenolic acid) and chrysin (flavonoid) were found to be the most dominant phenolic compounds. The phenolic profile of honey samples was greatly influenced by geographical location and floral sources. The classification of honey samples collected from various regions and floral sources (unifloral and multi-floral) were carried out using linear discriminant analysis (LDA) and it was observed that certain phenolic compounds significantly contributed towards the classification of honey samples collected from various geographical origin and floral source. Thus, this systematic study provides a fundamental knowledge of honey quality for therapeutic product development.
Introduction
As one of the oldest and most conventional sweetening foods, honey has also been reported to contain about 200 substances, [1] which include enzymes, flavonoids, phenolic acids, volatile compounds, sugars, proteins (0.5%), moisture (17.5%), vitamins, and minerals (0.04-0.2%). The main constituents of honey are water, glucose, fructose, sucrose, minerals, and proteins. [2] Honey is a sugary natural product produced by honey bees from nectar and exudation of the plants. Honey bees transform nectar of flowers into honey by regurgitation, evaporation and enzymatic alteration of saccharides present in nectar. It is a supersaturated solution of monosaccharides like fructose (about 38-55%) and glucose (about 31%) that provide sweetness to the honey. Honey also contains a wide range of phenolic acids and flavonoids that are known to exhibit antioxidant activity. The taste, color, other physical properties and the overall quality of honey are contributed by the non-volatile compounds that include sugars and phenolic compounds. [3] Recently, plentiful attention has been paid towards the health-promoting anti-oxidative effects of honey as it is known to be a rich source of both enzymatic (glucose oxidase and catalase) and nonenzymatic antioxidants (L-ascorbic acid, flavonoids, and phenolic acids). [1, 2] It has been reported that consuming honey is an effective way to increase total plasma antioxidant and reducing capacity in humans. [4] In addition, antioxidants are molecules that inhibit the oxidation of other molecules by performing chemical oxidation that involves loss of an electron or increasing in the oxidation state. [5] Common antioxidants in honey are gallic acid, caffeic acid, and chlorogenic acid. [6] Among all substances in honey, phenolic compounds are one of the most important compounds contributed towards the antioxidant activity of honey. As natural antioxidants, phenolic compounds in honeys (especially flavonoids and phenolic acid) constitute a vital group that exhibits scientific significance and responsible for the therapeutic properties of honey. [7] Thus, honey is a rich source of phenolic compounds and used as an important source of phenolic compounds in the human diet. Previous studies have demonstrated a strong relationship between the phenolic content of honeys from various floral sources and their antioxidant capacities. [1, 8] The phenolic profile and the quantity of various phenolic compounds vary among honeys based on the different floral sources, geographical factors, environmental factors, seasonal factors and the collection method of nectar. The major influential factor is the floral origins, while the processing, handling, and storage impose a minor impact on the phenolic profile and composition of honey. [2] Besides, phenolic acid and flavonoids are also employed as natural markers for the identification of botanical origin for several kinds of honey. [9] Geographical factors and floral sources had a great impact on the phenolic compositions. The aims of this study are to identify and quantify the phenolic acids and flavonoids in honey from different botanical origins and geographical regions and finding a correlation. High-performance liquid chromatography with photodiode array detection (HPLC-PDA) was used for the identification and quantification of these compounds.
Materials and methods

Honey samples
A total of 40 commercial honey samples with different commercial brands and from diverse floral sources were collected from the supermarket in Zhuhai and Hong Kong. The honey samples were originated from different geographical regions, i.e. Hong Kong, Spain, Italy, Korea, Mainland China, Canada, Brazil, New Zealand, and Germany. Samples were stored in dark at room temperature and after 2 weeks further chemical analysis was started. The samples information is shown in Table 1 .
Chemicals
Ethyl acetate, sodium chloride, sodium hydroxide, methanol, acetonitrile, ethylenediaminetetraacetic acid (EDTA), hydrochloric acid (HCl), acetic acid were purchased from Tijian Damao Chemical (Tianjin, China). L-Ascorbic acid and trifluoroacetic acid (TFA) were purchased from Sigma-Aldrich Co. (Shanghai, China). Phenolic acids standards and flavonoid standards were purchased from Shaihai Yuanye (Shanghai, China). The solvents used as mobile phase were of HPLC grade whereas all other chemicals were of analytical grade.
Conjugated phenolic acids
The conjugated phenolic acids were extracted from honey according to the study of Xu et al. [10] Briefly, 0.4 g of honey samples were hydrolyzed by adding 10 mL of solvent which includes 10 mM EDTA, 1% L-ascorbic acid (w/v), and 2 M of sodium hydroxide. The reaction mixtures were acidified by adding 2.8 mL of 7.2 M HCl and vortexed for 5-10 s and extracted with 10 mL ethyl acetate twice. The organic layer was combined and dried in a vacuum dryer at 45°C with 100 mbar until all solvent was evaporated. The residue was re-dissolved in 1.5 mL of 25% methanol (v/v). The 25% methanol solution was filtered through a polyvinyl difluoride (PVDF) syringe filter pore size 0.2 µm prior to HPLC analysis.
A Waters e2695 series separations module equipped with Waters 2998 photodiode array detector was used to analyze the conjugated phenolic acid in honey. The detection wavelength was set at 270 nm. A reverse phase column Zorbax 300SB-C18 (4.6 mm × 250 mm, particle size 5 µm) was used at temperature 40°C. The elution began with a program below, solvent A: 0.1% trifluoroacetic acid (TFA) in deionized water and solvent B: methanol (HPLC grade). The flow rate was kept at 0.7 mL/min. Total running time was 77 min. Solvent B was increased from 5% to 30% in 50 min. Solvent B was further increased to 100% at 66 min and kept at 100% until 77 min. The column was eluted isocratically for 10 min before the next injection.
For the identification of the peaks, 100 µg/mL of stock solution of each individual standard was prepared by dissolving the phenolic acid standards in 25% methanol. One mL of stock solution was used and injected in the HPLC for the identification of peak. Phenolic acids were identified by comparing the retention time. To prepare 100 µg/mL of the standard mixture, 1 mg of each phenolic acid standard compound was mixed together and dissolved in 10 mL of 25% methanol. The stock solution was diluted into eight different concentrations (100, 50, 25, 10, 5, 2.5, 1 and 0.5 µg/mL). Standard curves of each phenolic acid could be obtained by plotting the peak area (y-axis) against the standard concentration (x-axis). The phenolic acid in each sample was calculated in micrograms per gram of honey (µg/g).
Flavonoids
The flavonoids were extracted by ethyl acetate as described in the literature. [11] Briefly, 10 g of honey was dissolved in 50 mL of water to a final concentration of 20% (w/v). The solution was then acidified by adding 0.2 M of HCl and saturated with 30% (w/v) of sodium chloride. The obtained solution was then filtered through cotton to remove any solid particles and extracted three times with ethyl acetate using a separatory funnel. The organic layer was then dried in vacuum dryer at 40°C with reduced pressure 100 mbar until all solution was evaporated. The residue was re-dissolved in 5 mL methanol. Prior to the HPLC analysis, all honey sample solutions were filtered through pore size 0.45 µm polytetrafluoroethylene (PTFE) filters.
Agilent 1200 series HPLC system was used for the flavonoids analysis. Agilent 1260 series infinity diode array detector was used with detection wavelength from 256 nm to 350 nm. Separation of the flavonoids was carried out using a WondaCract ODS-2 reversed phase column (250 mm × 4.6 mm, particle size 5 µm) at room temperature. The flow rate of the gradient elution was 1 mL/min with a solution of 2.0% (v/v) acetic acid (solvent A) and acetonitrile (solvent B) as the mobile phase. The injection volume was 20 µL. The analysis of flavonoids began with 10% of solvent B then increased to 30% from 0 to 20 min. Then, the solvent B was increased to 40% from 20 to 30 min, and then 50% from 30 to 50 min. In addition, the column was eluted with 50% acetonitrile for 10 min before the next injection of sample.
For the identification of the peak, 100 µg/mL of stock solution of each individual standard was prepared by dissolving the flavonoids standards in methanol. One mL of the stock solution was used and injected in the HPLC for the identification of peak. By comparing the retention time, flavonoids could be identified. To prepare 100 µg/mL of the standard mixture, 1 mg of each flavonoid standard compound was mixed together and dissolved in 10 mL of methanol. The stock solution was diluted into different concentrations (100, 50, 25, 10, 5, 2.5, 1 and 0.5 µg/mL). Standard curves of flavonoids could be obtained by plotting peak area (y-axis) against standard concentration (x-axis). Flavonoids in each sample were calculated in micrograms per gram of honey (µg/g).
Statistical analysis
The extraction of phenolic acids and flavonoids were performed in duplicate and further composition analyses were also carried out in duplicates. The data were expressed as a mean ± standard deviation. Statistical analysis was performed using IBM SPSS Statistics (version 22, IBM Corporation, New York, USA). Duncan's multiple range test was used to compare significant differences among the honey samples. Significant differences were statistically considered at the level of p < 0.05. The Linear discriminant analysis (LDA) using the stepwise method was carried out for the classification and identification of honey samples collected from various regions and floral sources (unifloral and multi-floral) based on their phenolic profile.
Results
Quantification of phenolic acids in honey samples
A total of 40 honey samples were subjected to HPLC to determine phenolic acids. A total of 16 phenolic acids were tested in the study (Fig 1) , three phenolic acids, i.e. salicylic acid, ferulic acid, and sinapic acid were not found in all 40 honey samples. Vanillic acid (5.1 ± 0.04 µg/g) was observed only in Thyme honey from Spain. p-Coumaric acid and syringaldehyde were observed only in Wildflower honey (8.7 ± 0.8 µg/g) from Italy and Goldenrod honey (13.6 ± 2.6 µg/g) from Canada. All honey samples were observed to be an abundant source of the hydroxybenzoic derivative.
As indicated in Table 2 , gallic acid was the most dominant phenolic acid in the honey samples. Gallic acid was detected in 38 honey samples. The gallic acid content of honey samples ranged from 20.6 ± 7.8 µg/g in Hypericum honey to 66.2 ± 1.1 µg/g in Wolfberry honey. Among all honey samples, some of the honey samples did not exhibit significant differences in gallic acid (p> 0.05). However, the same geographical source with different floral sources exhibited significant differences in gallic acid content (p< 0.05). Among the six honey samples from New Zealand, Beech forest honey contained the highest gallic acid content (43.2 ± 7.3 µg/g). Among the honey samples from Spain, the Forest honey (multifloral honey) contained the highest content of gallic acid (63.6 ± 3.7 µg/g). Among the honey samples from China, Wolfberry honey collected from Guangzhou contain the highest gallic acid content (66.2 ± 1.1 µg/g). Bergamot Blossom honey contained the highest gallic acid content (55.9 ± 4.7 µg/g) among two Italy honey samples. Within the same floral source but different geographical locations Linden tree honey from China (42.5 ± 2.8 µg/g) The second dominant phenolic acid in honey was protocatechualdehyde. Protocatechualdehyde was detected in 38 honey samples, but their contents were lower than gallic acid. The protocatechualdehyde value of honey samples ranged from 8.1 ± 0.1 µg/g in Beech forest honey (with beech as main floral source) to 21.7 ± 1.2 µg/g in Eucalyptus honey from Spain. Among all honey samples, most of the honey samples exhibited significant differences in protocatechualdehyde. While most of the honey samples from the same geographical location with different floral source exhibited significant differences (p< 0.05) in protocatechualdehyde. However, some of the honey samples did not exhibit a significant difference (p> 0.05), for instance, Lemon honey (10.0 ± 0.8 µg/g) and Hypericum honey (10.1 ± 0.7 µg/g) from Hubei, China and Manuka honey (18.2 ± 1.9 µg/g) and Rata honey (18.1 ± 1.7 µg/g) from New Zealand. The samples with the same floral source but different geographical locations did not show significant differences in protocatechualdehyde, for example, Linden honey contained similar protocatechualdehyde content between the samples from Germany (11.3 ± 0.2 µg/g) and from China (12.7 ± 2.7 µg/g), and Acacia honey collected from South Korea (16.5 ± 0.9 µg/g) and from China (15.7 ± 0.5 µg/g). The honey samples were also classified into different groups based on different countries, and the average protocatechualdehyde value of the honey samples from five representative regions are presented in a descending order: New Zealand (14.32 µg/g) > China (13.66 µg/g) > Germany (12.73 µg/g) > Spain (10.95 µg/g) > Italy (10.35 µg/g).
The third dominant phenolic acid in honey was p-hydroxybenzoic acid that was detected in 25 honey samples. The p-hydroxybenzoic content was relatively low in all honey samples except Wolfberry honey from China (53.5 ± 9.1 µg/g). The p-hydroxybenzoic acid content of honey samples ranged from 3.5 ± 0.2 µg/g in Bergamot honey from Italy to 53.5 ± 9.1 µg/g in wolfberry honey from China. Among all honey samples, most of the honey samples exhibited significant differences in p-hydroxybenzoic acid. However, three honey samples Wolfberry honey (8.9 ± 0.2 µg/g), Chrysanthemum honey (8.3 ± 0.1 µg/g), and Longan honey (8.7 ± 3.7 µg/g) from China did not exhibit significant differences in p-hydroxybenzoic acid. Within the same floral source but different geographical locations, Linden honey showed no significant differences between samples collected from China (7.1 ± 0.2 µg/g) and Germany (7.8 ± 0.4 µg/g). However, p-hydroxybenzoic acid was not observed in Lemon honey collected from Spain but 15.2 ± 0.1 µg/g of p-hydroxybenzoic was detected in the Lemon honey sample from China. Moreover, p-hydroxybenzoic acid was not detected in Longan honey from Hong Kong, while 8.7 ± 3.7 µg/g was detected in Longan honey from Guilin, China. p-Hydroxybenzoic acid was not found in Acacia honey sample from South Korea and China. In addition, the contents of p-hydroxybenzoic acid of five representative regions were compared in the following decreasing sequence: China (10.69 µg/g) > Germany (8.60 µg/g) > Italy (6.45 µg/g) > New Zealand (4.57 µg/g) > Spain (2.82 µg/g). However, p-hydroxybenzoic acid was commonly found in the honey samples from China. However, only two samples from Spain contain p-hydroxybenzoic acid and three out of five honey samples from New Zealand contained p-hydroxybenzoic acid. UV-Vis spectrum of major phenolic compounds observed in honey samples is shown in Fig 2. 
Quantification of flavonoid in honey samples
A total of 14 flavonoids were tested in this study (Fig 3) . All honey samples under investigation contain more or less flavonoids, but the contents were relatively lower than their phenolic acid content. Some of the flavonoids were only detected in particular honey sample, such as myricetin was only found in Eucalyptus honey (0.53 ± 0.1 µg/g) from Spain. Tangeretin was only observed in Blue Borage honey (0.69 ± 0.001 µg/g) from New Zealand, hesperidin was only found in three honey samples, i.e. Manuka honey (4.7 ± 1.3 µg/g) from New Zealand, wild rose honey (0.91 ± 0.27 µg/g), and wolfberry honey (1.02 ± 0.12 µg/g) from China. Among the flavonoids, chrysin, kaempferol, and quercetin were the most common and frequently observed flavonoid compounds in honey samples under investigation. In fact, honey samples under investigation contained different flavonoids but the concentration was too low to be quantified. This situation was mostly encountered during analysis of Chinese honey. The concentrations were out of the range of the standard curves. Thus, the results were regarded as not detectable.
The most abundant flavonoid among all honey samples was quercetin and luteolin. As shown in Table 3 , quercetin ranged from 37.6 ± 0.2 µg/g in Eucalyptus honey from Spain to 0.56 ± 0.05 µg/g in Pure bee honey from Germany. The second most abundant flavonoid was kaempferol. As shown in Table 3 , the kaempferol ranged from 0.2 ± 0.04 µg/g in pure bee honey from Germany and Wildflower honey from Spain to 1.95 ± 0.27 µg/g in Manuka honey from New Zealand. Most of the honey samples exhibited significant differences in kaempferol. For the same floral source, the Linden honey from Germany contained kaempferol (1.1 ± 0.18 µg/g) but Linden honey from China did not. Also, the Lemon honey from Spain contained kaempferol (0.32 ± 0.01 µg/g) but Lemon honey from China did not contain kaempferol. Among all the commercial honeys from China, kaempferol was quantified only in Mountain coptis honey (0.49 ± 0.04 µg/g).
Chrysin was observed to be the third main flavonoid in honey samples. Chrysin content was varied from 0.22 ± 0.01 µg/g in Wolfberry honey from China to 1.53 ± 0.14 µg/g in Forest honey from Spain as presented in Table 3 . Most of the honey samples also exhibited significant differences in chrysin content except four honey samples, i.e. South Clover honey (0.76 ± 0.15 µg/g) and Manuka honey (0.68 ± 0.1 µg/g) from New Zealand, Wildflower honey (0.72 ± 0.05 µg/g) and Orange blossom honey (0.76 ± 0.1 µg/g) from Spain and Goldenrod honey (0.75 ± 0.03 µg/g) from Canada. Moreover, within the same floral source but different locations, chrysin was found in Lemon honey from Spain (0.57 ± 0.05 µg/g) but could not be found in Chinese honey. In addition, chrysin was also observed in Wolfberry honey sample collected from Guangzhou (0.22 ± 0.01 µg/g) but not in Wolfberry honey sample collected from Hubei. Chrysin was detected in all samples from Spain and also exhibit significant differences (p< 0.05), while chrysin was detected only in one sample among the 20 samples collected from China. Myricetin and tangeretin were detected in Eucalyptus honey (0.53 ± 0.1 µg/g) collected from Spain and Blue borage honey (0.69 ± 0.001 µg/g) from New Zealand, respectively. The high content of naringin was detected in Premium acacia honey (11.0 ± 0.38 µg/g) from South Korea and Wildflower honey (19.2 ± 0.15 µg/g) collected from Spain. In addition, Manuka honey observed to contain maximum number of flavonoid compounds under consideration (10 out of 14 tested flavonoids). An attempt was also made to determine morin content, but no honey sample has shown the presence of morin.
The sum total of phenolic acids and flavonoids observed in honey samples are shown in Table 4 . Manuka honey collected from New Zealand presented highest total phenolic acid content (235.50 ± 16.01 µg/g), followed by Spain's Forest honey (230.50 ± 22.99 µg/g) and Thyme honey (195.30 ± 25.17 µg/g) collected from Spain. However, Honeysuckle honey from China exhibited least total phenolic acid content (40.00 ± 6.01 µg/g).
Among 19 honey samples from China, flavonoids were detected only in five honey samples. Eucalyptus honey collected from Spain exhibited the highest content of total flavonoid (41.65 ± 10.35 µg/g) followed by Wildflower (33.66 ± 5.74 µg/g) honey from Spain and Forest honey from Spain (23.53 ± 4.07 µg/g). However, Longan honey from Hong Kong contained the lowest flavonoid content (0.86 ± 0.24 µg/g). 
Linear discriminant analysis (LDA) for classification of honey samples based on the phenolic profile
The stepwise discriminant analysis was performed to extract the best discriminant variables (phenolic compounds) for the classification of samples based on the geographical region and floral source. The best discriminant variables were selected depending on their influence on the classification of samples based on the Wilks' lambda criterion. Table 5 summarizes the observation of discrimination models and cross-validation results for the classification of honey samples according to their geographical origin based on the phenolic profile. It was observed that in the case of model 1 (based on phenolic acid), 2,3,4-trihydroxybenzoic acid was extracted as suitable discriminant variables that resulted in 65.6% correct classification rate and 65.6% cross-validation rate. Model 2 (based on flavonoids) extracted apigenin, chrysin, luteolin+ quercetin as suitable discriminant variables and resulted in 96.6% correct classification rate and cross-validation rate was reached to 90.6%. Model 4 was developed by using total phenolic acids, total flavonoid compounds, and total phenolic compounds values. In this case, total flavonoid compounds were observed as a suitable Data are expressed as mean ± standard deviation (n = 2).
discriminant variable that resulted in 81.3% correct classification rate and cross-validation rate was reported as 81.3%. The best classification results were observed in the case of model 3 based on all the phenolic acids and flavonoid compounds. This model resulted in 100% correct classification rate. In this case protocatechuic acid (PA), vanillic acid (VA), syringic acid (SA), protocatechualdehyde (PCD), 2,3,4-trihydroxybenzoic acid (TBA), genistic acid (GEA), apigenin, chrysin, luteolin+ quercetin and myricetin were reported as suitable discriminant variables for discriminating the geographical origin of honey samples. Based on these suitable discriminant variables two discriminant functions were developed. These two discriminant functions explained the 100% of the variance and Wilks' lambda values for function 1 was 0.03 (p= 0.000) and for function 2 was 0.408 (p= 0.009), respectively. The Fisher's linear discrimination functions for each geographical region were explained as follows: The separation of honey samples collected from China, New Zealand, and Spain was confirmed by plotting the two function scores as shown in Fig 4a. A strong visual clustering of honey samples from three regions was observed. Hence, it was confirmed that the abovementioned 10 variables exhibit constructive information for the geographical classification of honey samples. To determine the prediction capability of the model, validation was carried out by employing leave one out cross validation method and a high predictive ability (90.6%) of the model was observed.
Another model was also developed to discriminate honey samples in four groups, i.e. group 1 (China), group 2 (New Zealand), group 3 (Spain) and group 4 (other countries). The group other countries include South Korea, Germany, Italy, Brazil and Canada. This model employed VA, TBA, p-coumaric acid+syringaldehyde, apigenin, chrysin, luteolin+ quercetin, quercitrin, naringenin as suitable discriminant variables and resulted in 90% correct classification rate and 70% crossvalidation rate. A visual clustering of honey samples into four different regions was observed in Fig 4b, but samples from groups 1 and 4 and groups 2 and 3 have some overlaps.
Another attempt has also been made to discriminate honey samples based on the floral origin (unifloral or multifloral). In this case, the stepwise LDA was carried out and hesperitin was identified as suitable discriminant variable that resulted in an efficient classification (87.5%) of honey samples into unifloral or multifloral group and the cross-validation rate was also reached to 87.5%. 
Discussion
Phenolic acid contents in honey samples
Previous studies have mentioned a high gallic acid content in many honeys. Gallic acid was also well documented phenolic acid responsible for the antioxidant activity of honeys. [12] A study focused on Australian honeys reported that gallic acid content in these samples varies from 13.9 to 45.2 µg/g, [13] these findings are in agreement with current results. In the present study, almost all honey samples found to be a good source of gallic acid (20.6 ± 7.8 to 63.6 ± 3.7 µg/g) except Loquat honey and Honeysuckle honey from China in which gallic acid was not detected. In a previous study, the Acacia and Linden honey from Serbia reported to contain a low amount of gallic acid. It was below the limit of detection in case of Acacia honey and below the limit of quantification in case of Linden honey. [14] But in the present study, Acacia honey reported to contain 36.9 ± 4.8 µg/g and Linden showed the presence of 42.5 ± 2.8 and 29.3 ± 5.3 µg/g gallic acid. These results revealed that the geographical origin of honey has a great impact on gallic acid content whereas, the same floral source may still result into a similar phenolic profile.
Chlorogenic acid and caffeic acid have also reported to be common phenolic acids that found in honey and also demonstrated their antibacterial function. [15] Both chlorogenic acid and caffeic acid have shown a high occurrence in honey samples in the current study, but the content of these two phenolic acids was observed to be much higher than the previous study.
[ 16] It may be due to the different extraction methods based on the strong alkaline hydrolysis was employed in the current study that was focused to release the conjugated phenolic acid bound with other compounds such as sugar. The high content of these two phenolic acids has been observed in Manuka honey from New Zealand. The Manuka honey is also well-known for its excellent antibacterial activities. Forest honey from Spain and Wildflower honey from Italy also exhibit high quantity of chlorogenic acid and caffeic acid. But these two phenolic acids observed only in a few commercial honey produced in China such as Wild rose honey, Wolfberry honey, and Hypericum honey.
In a previous study, vanillic acid and p-hydroxybenzoic acid were not observed in Manuka honey from New Zealand. [13] However, another study reported the presence of high level of p-hydroxybenzoic acid in Manuka honey from New Zealand. [17] In the present study, vanillic acid was not detected in Manuka honey but p-hydroxybenzoic acid (9.5 ± 3.0 µg/g) was detected in Manuka honey from New Zealand. These results showed that honeys with the similar geographical location and the floral source might still have variation in the compositions of phenolic acids.
If phenolic acid is to be used as a botanical marker, then vanillic acid could be employed as a good chemical marker for identification of Thyme honey from Spain. Furthermore, salicylic acid, sinapic acid, and ferulic acid were not detected in this study. p-Coumaric acid and syringaldehyde were only detected in two honey samples. However, in previous literature, ferulic acid was also detected in commercial honey [18] and a high level of p-coumaric acid was also reported in Polish unifloral honey. [19] Flavonoids contents in honey
From the result of Ioannis et al., [11] the Thyme honey from Spain exhibit slightly lower chrysin content (0.73 µg/g) as compared to the Thyme honey investigated in the current study (1.11 ± 0.20 µg/g). The chrysin content of Orange blossom honey (0.69 µg/g) in Ioannis study was also lower compared to the Orange blossom honey explored in the present study (0.76 ± 0.10 µg/g). These results also support the statement that the geographical location has an influence on the flavonoid content of honey, but the influence was not too high because there are other factors such as analytical instrumental differences in the analysis. Moreover, the Ioannis's study was focused only on four flavonoids, i.e. quercetin, kaempferol, chrysin, and myricetin. But in the current study, 14 flavonoids were considered, thus an extensive flavonoid profile was established.
HPLC analysis of 20 Portuguese heather honey samples reported that the total flavonoid contents of the samples were ranged from 0.6 to 5 mg/kg. The floral source and geographical factor were reported to affect the color and composition of honey samples. Pinocembrin and pinobanksin were reported as the main flavonoids, but it was found that in another geographical region such as Portuguese heather honey, galangin and chyrsin were the main flavonoids. [20] In the present study among the honey samples under investigation, myricetin was the only flavonoid found in Eucalyptus honey although the concentration of this flavonoid was slightly lower compared to the results reported in the literature. [11] Thus, myricetin can be employed as an important botanical marker for Eucalyptus honey. Furthermore, in the current study, tangeretin was observed only in Blue Borage honey and a high content of hesperitin was observed in Manuka honey. Thus, tangeretin and hesperitin can be exploited as botanical markers for identification of Blue Borage honey and Manuka honey from New Zealand, respectively.
Previously an analysis was performed to identify the chemical substances in nectar present in the stomach of the honey bee that collects nectar from heather flowers in Portugal. Quercetin and kaempferol were the main compounds reported in this study revealed that these two compounds mainly came from the floral plant. [20] Although the quantity of quercetin and kaempferol is not too high, it was still mainly found in the honey samples of Spain. Thus, it is believed that quercetin and kaempferol can be employed to identify the floral source of honey in Spain. In the present study, the Orange blossom honey exhibit a significant high contents of quercetin (14.3 ± 3.80 µg/g) more than the honey with same floral source as reported by Ioannis et al. [11] using the same analytical method. Moreover, chrysin, naringenin, and galangin were commonly found in Spanish honey samples. However, tangeretin and hesperidin were absent in Spanish honey, these results were found to be in agreement with a previous study.
[ 21] This showed that the composition of the flavonoids dependent mainly on the geographical location but the amount of flavonoid was mainly related to the floral sources. These kinds of correlations between the floral source and flavonoid quantity were also reported by a previous study. [22] In the current study, apigenin and chrysin were observed to be the leading flavonoids in the honey samples from New Zealand and Spain, respectively. All the honey samples of New Zealand and Spain exhibit the presence of these two flavonoids. It was observed that apigenin and chrysin are the dominant flavonoids in honeys from New Zealand and Spain. However, quercetin and kaempferol were found too low to detect. Therefore, dominating phenolic compounds would be different depending on a particular region and floral source.
Manuka honey from New Zealand is one of the famous honeys in the world. The present study revealed the presence of significant amount of chrysin and luteolin in the Manuka honey that is consistent with the results reported in the literature. [23] Besides the quercetin was also reported as one of the principle flavonoids of Manuka honey [24] but in the current study, quercetin was not found. In a previous study on Manuka honey, quercetin presented a high variable range from 0.000 to 11.15 µg/g and this high variability in the range of quercetin content was most likely linked to the floral source other than manuka trees from which the nectar or pollen was collected by honey bees. [25] This further verified that the flower contributed towards the compositions of flavonoids in honey. From the results and discussion, it was perceived that flavonoids mainly came from nectar and honey bee, thus the compositions of flavonoids are greatly dependent on the floral sources.
Total phenolic compounds in honey
Distinctive evidence showed that the floral source influenced the phenolic profile. The honey samples were classified according to their countries in Table 4 . Results showed that the similar geographical location with different floral source leads to a wide variation in total phenolic compounds. Chinese honey had relatively lower phenolic content than the honey produced in other countries especially New Zealand and Spain. The amount of phenolic content could be a kind of marker of honey quality and purity.
As mentioned above, phenolic acids and flavonoids varied with geographical locations and floral origins. These also could be shown in the sum of the phenolic acids and flavonoids. Therefore, each sample consists of a unique phenolic content profile. It was clearly observed from the results of LDA that certain phenolic compounds such as PA, VA, SA, PCD, TBA, GEA, apigenin, chrysin, luteolin+ quercetin, and myricetin can be employed as a suitable classifier to determine the geographical origin and hesperitin can be employed as good classifier for determining the floral source (unifloral or multifloral) of various honey samples .
Conclusion
In this study, 16 phenolic acids and 14 flavonoids were analyzed to identify a botanical marker of different commercial honey available in the local supermarket and compared the variations of the phenolic profile of different honey samples. The phenolic profiles content of various honey samples exhibits a close relationship with the floral source and geographical location. The compositions of phenolic compounds are strongly influenced by the geographical location, while the concentrations of phenolic compounds are dependent on the floral source. However, geographical location and floral source have a significant impact on flavonoid content while possess comparatively less impact on the phenolic acid profile of honey samples. Thus, phenolic acid compounds and flavonoids can be exploited as a botanical marker to identify the floral source and geographical origin of honey samples. The observations of LDA have shown that specific phenolic compounds, i.e. PA, VA, SA, PCD, TBA, GEA, apigenin, chrysin, luteolin+ quercetin, myricetin, and hesperitin can be employed as an indicative compound for determining geographical origin and floral source of various honey samples.
ORCID
Baojun Xu
http://orcid.org/0000-0003-0739-3735
